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Abstract 5 
In this paper we synthesize the research in glacial geomorphology and geochronology in northern 6 
Spain, with special attention to the evidence of local glacier maximum extent earlier than the global 7 
LGM of MIS 2 (18-21 ka BP). More accurate models of glacier evolution have been defined based 8 
on limnogeological, geochronological and geomorphological data. In the Pyrenees, OSL (Optically 9 
Stimulated Luminescence), surface exposure and radiocarbon dating techniques have identified end 10 
moraines and fluvial terraces corresponding to MIS 6 (about 170 ka) and even to MIS 8 (about 260 11 
ka), and also established the timing of the last local glacial maxima as prior to global LGM (MIS 4, 12 
ca. 50- 70 ka). During the global LGM a smaller re-advance occurred but glaciers reached different 13 
extent in the Central and the Eastern Pyrenees. In NW Iberia, radiocarbon and OSL techniques 14 
point to local glacial maxima prior to ca 26 ka-38 ka and probably synchronous to 45 ka. Although 15 
some bias might have been introduced by the dating procedures, this review demonstrates that in 16 
both regions the local maximum extent occurred prior to the global LGM. The asynchronies 17 
between the glacial maxima chronologies in the different northern Spain mountain ranges suggest 18 
that local climate factors exert a strong control of mountain glaciers dynamics.   19 
Key words: glacial geomorphology, geochronology, limnogeology, AMS, OSL, exposure ages, 20 
Iberian Peninsula 21 
1. Introduction 22 
The spatial distribution of ice masses and the timing of glacier advances and retreats are difficult to 23 
constrain in mountain areas, since remnants of early glaciations are usually eroded by later, more 24 
extensive ice advances (Elhers and Gibbard, 2007) and glacial landscapes and deposits are 25 
commonly formed during more than one cold stage (Hughes et al., 2006a, 2006b, 2010). However, 26 
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when preservation is adequate, landforms and deposits can record information on past climate 27 
changes due to glacier sensitivity and rapid response to moisture and temperature fluctuations (Ivy-28 
Ochs et al., 2008). Accurate landscape and glacial evolution models have been obtained with a 29 
multidisciplinary strategy including sedimentological surveys, geomorphological mapping, 30 
quantitative estimations of Equilibrium Line Altitudes -ELA’s-, and absolute dating.  31 
The study of glaciations in SW Europe started in late 19
th
 century but absolute chronological 32 
models have only been proposed during the last decades when an increasing number of studies 33 
focused on the glacial geomorphology and timing of the last glacial cycle. Chronological evidence 34 
of local maximum glacier advances in SW Europe mountains prior to the global Last Glacial 35 
Maximum (LGM) —ca. 18-21 ka BP (Yokohama et al., 2000; Mix et al., 2001; Ehlers and Gibbard, 36 
2007) — were already reported in one of the first reviews of world mountain glaciers (Gillespie and 37 
Molnar, 1995). Specific reviews on Mediterranean and SW European Mountains (García-Ruiz et 38 
al., 2003; Hughes and Woodward, 2008; García Ruiz et al., 2010), defined two chronological 39 
scenarios for the maximum glacier extent: i) local glacial maxima closely synchronous with the 40 
global LGM (ca. 18-21 ka BP) is supported by cosmogenic surface dating from central-eastern 41 
Spain, Pyrenees, Maritime Alps, and Turkey; ii) local glacial maxima occurring several thousand 42 
years earlier than MIS 2 global LGM (50-80 ka BP) is supported by radiocarbon, U-series and OSL 43 
dates obtained in the Cantabrian Mountains, Pyrenees, Italian Apennines and Pindus Mountains.  44 
In this paper, we focus on the available information on timing and extent of past glaciations in the 45 
Pyrenees and the Cantabrian – Galician Mountains and investigate how the Iberian case studies fit 46 
with global reconstructions. The Pyrenees is a mountain range ca. 420 km long and 150 km width, 47 
trending E-W, and located at latitudes between 43º and 42º N (Fig.1a), with peaks higher than 3000 48 
m a.s.l. (Aneto Peak, 3404 m; Possets Peak 3371m; Monte Perdido Peak, 3355 m). The Cantabrian 49 
Mountain Range, trending E-W, is the western extension of the Pyrenees reaching as far as Galicia 50 
Mountains (Fig. 1b). It is 480 km long and 65 to 120 km wide, and it has an asymmetric altitude 51 
distribution progressively descending from South, with peaks higher than 2,600 m (Torrecerredo 52 
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Peak, 2648 m a.s.l.) to the North on the Cantabrian Coast. Both chains show well-preserved glacial 53 
features, which have been described by different geomorphologists since the end of the 19
th
 century 54 
(Penck, 1883; Fernández-Duro, 1879). Chronological studies started in the second half of the last 55 
century, leading to the establishment of different models of glacial evolution that have been 56 
progressively improved applying several dating techniques. In this paper we review the glacial 57 
features and timing of the Maximum Ice Extent (MIE) in both mountain areas focusing on selected 58 
sites with detailed geomorphological studies and robust chronology (including some new dates for 59 
the Cantabrian Mountain Range) and discuss the evidence supporting a local glacial maximum 60 
(GM) earlier than the global LGM for the last glacial cycle.  61 
<Fig. 1.>  62 
2. The glacial record in the Pyrenees  63 
In the Iberian Peninsula, Pleistocene glaciers reached the greatest extent in the Pyrenees. The relief 64 
is dominated by large cirques separated by acute divides above 2000 m a.s.l., and U-shaped valleys 65 
developed by > 30 km-long ice tongues. Glacial landforms and till deposits occur close to the 66 
divides and end and lateral moraines, glacio-lacustrine deposits, glacial thresholds, over-excavated 67 
basins and roches moutonnées, among other glacial features appear in most valleys. Since the 68 
pioneering studies in the late 19
th
 (Penck, 1883) and early 20
th
 century (Panzer, 1926), one of the 69 
main controversies has been the number of glaciations responsible for the observed glacial and 70 
fluvial deposits. The discussion is still alive, as recent chronological data identify different phases 71 
of glacier advance and retreat ascribed to several cold stages (Vidal-Romani et al., 1999; Peña et al., 72 
2004; Lewis et al., 2009; Delmas et al., 2011; García-Ruiz et al., 2011). Regardless of the dating 73 
methods, available dates have demonstrated the occurrence of a MIE some thousands of years 74 
before the global LGM (Jiménez-Sánchez and Farias, 2002; García-Ruiz et al., 2003; Peña et al., 75 
2004; Jalut et al., 2010; Lewis et al., 2009; Moreno et al., 2010; Pallàs et al., 2010; Delmas et al., 76 
2011; García-Ruiz et al., 2011; Rodríguez-Rodríguez et al., 2011; among others). 77 
2.1. The history of glacial research in the Pyrenees 78 
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We use the same three stages (Pioneer, Mapping, and Advanced) defined by (Hughes et al., 2006a) 79 
in the Mediterranean mountains to describe the history of glacial research in the Pyrenees. The 80 
Pioneer Stage started in the second half of the 19
th
 century by Penck (1883), who described that 81 
glaciers in the southern slope of the Pyrenees had their terminal area at higher altitudes than those 82 
on the northern slope (800-1000 m and 400-600 m, respectively), and identified the main moraine 83 
landforms in the Aragón and Ara valleys. Panzer (1926) studied the frontal complex in the Aragón 84 
River Valley and suggested the presence of two different glacial stages attributed to the Riss and 85 
Würm glaciations. Panzer arrived to such conclusion because of the (apparent) connection between 86 
two main end moraines and two fluvial terrace levels (60 and 20 m). Llopis Lladó (1947), Fontboté 87 
(1948) and Nussbaum (1949) also postulated two glaciations in the Aragón and Gállego valleys. 88 
Barrère (1963) was the first to argue that only one glaciation was present in the Central Pyrenees 89 
(Riss), whereas the Würm would correspond to moraines located relatively close to the headwaters.  90 
The Mapping Stage started with the excellent geomorphological maps produced by Barrère (1971), 91 
who gave a synthetic perspective of the location of the main glacial deposits and the extent of the 92 
glaciers in the Aragón, Gállego and Ara basins. Fieldwork and geomorphological mapping 93 
advanced the knowledge of the Pyrenean glaciers during the last decades of the 20
th
 century: Martí-94 
Bono (1973), Serrat et al. (1983), Martínez de Pisón (1989), Vidal-Bardán and Sánchez-Carpintero 95 
(1990), García Ruiz et al. (1992), Serrano and Martínez de Pisón (1994), Martí-Bono (1996), 96 
Serrano (1998), García Ruiz et al. (2000), and García-Ruiz and Martí-Bono (2002); Serrano et al. 97 
(2002), and García-Ruiz and Martí-Bono (2011). Finally, in an advanced stage, the classification of 98 
till deposits according to their shape, position, pedological development and relationships with 99 
fluvial terraces, detailed geomorphological surveys and absolute age control allowed definition of 100 
several glacial stages in both the Central and Eastern Pyrenees: 101 
1. A pre-Würm stage with till remnants in a tributary of the Gállego Valley about 8 km downstream 102 
from the main ice tongue (Martí-Bono, 1996; Serrano, 1998). 103 
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2. The MIE, generally represented by two or, more commonly, three lateral moraines, in the 104 
Aragón-Subordán (García-Ruiz and Martí-Bono, 2011), Gállego (Barrère, 1971; Serrano, 1998; 105 
Peña et al., 2004), Ara (Serrano and Martínez de Pisón, 1994; García-Ruiz and Martí-Bono, 2002) 106 
and Ésera valleys (Martínez de Pisón, 1989; Bordonau, 1992; García-Ruiz et al., 1992). Most of ice- 107 
or moraine-dammed glaciolacustrine deposits coincided in time with the MIE, when tributary 108 
streams with high discharges developed small lakes in their final stretch, lately filled with a 109 
complex of fluvial, torrential and glaciolacustrine sediments (Serrat et al., 1983; Bordonau, 1992; 110 
Sancho et al., 2011) 111 
3. A number of frontal, lateral moraines and till deposits representing ice tongues of progressively 112 
smaller size, including an important advance coinciding with the LGM. They have been studied in 113 
detail in the Escarra Valley, a tributary of the Gállego glacier (Martínez de Pisón and Serrano, 1998; 114 
García-Ruiz et al., 2003), the Aragón Subordán Valley (García-Ruiz and Martí-Bono, 2011), and 115 
the Ésera Valley (Bordonau, 1992). Some of the deposits show a clear separation between the main 116 
glacier and its tributaries; others represent a new, short and limited advance during the Late Glacial, 117 
and finally, others represent a minor advance usually attributed to Younger Dryas. 118 
2.2. Selected sites of Pyrenees 119 
The main features of the southern slope Pyrenean glaciers have been already described several 120 
decades ago, but the chronology has remained unsolved until recent times. Several glacial stages 121 
were defined even at the beginning of the 20
th
 century, and then refined in the 1950’s and 1960’s. 122 
The main terminal basins (Aragón, Gállego and Querol) were identified early, with detailed 123 
descriptions of the end and lateral moraines and their relationships with the fluvial terraces. After 124 
the 1980’s, absolute dating techniques were applied to those records, first conventional 14C, and 125 
later 
14
C AMS, OSL techniques and surface exposure ages in sediments, blocks and polished 126 
surfaces. 127 
Mardones and Jalut (1983) obtained some 
14
C dates in the French Pyrenees from a lacustrine 128 
sequence in the moraine complex of Lourdes (Pau Valley); the lacustrine sequence was dated up to 129 
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38,400 uncal. yr BP. They extrapolated a basal age of 45,000 years and attributed an age between 130 
50,000 and 70,000 years to the moraines that enclosed the lacustrine basin. This was the first time 131 
that an asynchroneity between the MIE and the global LGM was reported for the Pyrenees and even 132 
for Europe. Few years later, other studies obtained 
14
C dates older than 30,000 yr for glacier-related 133 
sediments in both the French Central Massif (Etlicher and De Goer de Hervé (1988), and the 134 
Vosgues (Seret et al., 1990). In the Spanish Pyrenees, Montserrat (1992) dated with radiocarbon the 135 
bottom of the glaciolacustrine deposit of Tramacastilla, Gállego Valley, at 29,400 ± 600 yr BP. 136 
Lateral moraines located about 100 m above the lake indicated that the MIE would have occurred 137 
thousands of years before (García-Ruiz et al., 2003). Nevertheless, other authors argued that the 138 
radiocarbon dates from Mardones and Jalut (1983) were affected by the hard-water effect or by 139 
mixture of re-worked organic matter (Turner and Hannon, 1988; Pallàs et al., 2006) and the 140 
controversy started in the late 1980s.  141 
Some areas located in the headwaters of the Gállego, Aragón, Cinca and Ara Rivers have been 142 
selected as examples that are representative of the geomorphological and geochronological glacial 143 
record of the Pyrenees (Fig. 1a). 144 
2.2.1. The Gállego River Valley 145 
Recent studies on glacial chronology in the Gállego Valley have focused on both the terminal basin 146 
(the Senegüé basin) and the headwaters. The Senegüé terminal basin developed within the Eocene 147 
Flysch and marl formations of the Inner Pyrenean Depression; the lowest moraine remnants occur at 148 
about 800 m a.s.l. When the ice tongue reached this basin, it was 400 m thick. The lateral moraines, 149 
represented by two or three ridges, indicate a relatively rapid thinning towards the terminal area. 150 
Two till outcrops and other remnants of glacial deposits, as scattered sub-rounded blocks, occur 151 
close to the village of Aurín, near Sabiñánigo. Barrère (1963) had pointed out that no evidence of 152 
more than one glaciation could be found in the Gállego Valley, because the end moraines in the 153 
Senegüé basin only connected with a 20 m fluvial terrace, whereas the 60 m fluvial terrace and 154 
pediment were disconnected from the glacial deposits. Recent studies from Peña et al. (2004) have 155 
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contributed to clarify the problem. Using the OSL in sandy levels interbedded with till, Peña et al. 156 
(2004) dated the Aurín end moraine at 85 ± 5 ka. This age, however seems too old and ―out of the 157 
stratigraphic context‖ because the proglacial fluvial terrace that starts immediately downstrean from 158 
this till was dated at 69 ± 8 ka and the same terrace level was dated at 66 ± 4 ka about 20 km 159 
downstream. Considering all the available ages, the age of the end moraine of Aurín is likely 160 
between 66 and 69 ka (MIS 4); six kilometres upstream from the Aurín area, the Gállego glacier 161 
deposited a big, arched and transverse end moraine, called the Senegüé moraine, during another 162 
cold stage at 35 ± 3 and 36 ± 2 ka (Peña et al., 2004; Lewis et al., 2009).  163 
Remains of older glaciations have been recently dated in the Gállego valley. A fluvioglacial terrace 164 
at Sabiñánigo, disconnected from any till deposit, has been dated with OSL at 155 and 156 ka (MIS 165 
6). Glacial deposits ascribed to MIS 6 have also been recognized and dated in Greece and the 166 
Balkans (Hughes et al., 2006b, 2010), well correlated with fluvial terraces for the Middle and Late 167 
Pleistocene in Greece (Woodward et al., 2008). 168 
The evolution of the Gállego glacier has also been studied in the headwaters. The El Portalet peat 169 
bog is located in an over carved glacial cirque in a relatively low relief area close to the main 170 
Pyrenean divide at 1802 m a.s.l., surrounded by 2100-2300 m a.s.l. peaks. When the ice melted, a 171 
moraine-dammed lake developed at the bottom of the cirque. Sedimentation in post-glacial times 172 
resulted in the infilling of the lake and the development of the actual peat bog in late Holocene 173 
times. González-Sampériz et al. (2006) dated with 
14
C AMS the base of the 8 m long lacustrine 174 
sequence deposited after the glacier retreat, at 32,183 – 33,773 cal. yr BP. This was somewhat 175 
surprising, since it would mean that the headwater was totally or partially deglaciated very early, 176 
and that by that time the Gállego glacier would be mainly fed from the Aguas Limpias glacier, a 177 
main tributary whose headwater is surrounded by peaks higher than 3,000 m. The lacustrine 178 
sequence shows a hiatus dated as 22,953 ± 120 cal. yr BP and interpreted as evidence for a glacier 179 
re-advance coinciding with the global LGM. Another nearby peatbog, known as Formigal peat bog, 180 
developed in an ephemeral lake basin originated by a deep-seated landslide that temporarily 181 
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blocked the course of the Gállego River (García-Ruiz et al., 2003) has also yielded a similar basal 182 
age (24,070 ± 170 cal. yr BP). Individual organic matter fragments and concentrated pollen were 183 
used in both sequences for radiocarbon dating to minimize the hard-water effect and contamination 184 
from old carbon sources. The chronology for both sequences indicates that the Gállego glacier was 185 
spatially restricted to headwater areas during the global LGM of MIS 2.  186 
2.2.2. The Aragón River Valley 187 
The terminal basin of the Aragón Valley (the Villanúa basin) is one of the best-studied in the 188 
Pyrenees. The Aragón glacier ended in a large basin in the Eocene Flysch Sector, with lateral 189 
moraines progressively at lower altitudes, indicating a thinning of the ice tongue due to the 190 
enlargement of the valley and the increasing temperatures at lower altitudes. Three lateral moraines 191 
flank both sides of the basin, damming small lakes in the tributaries (Fig. 2.). Up to six frontal 192 
moraines appear in the valley floor within a distance of 3 km. Their age and glacial phase has been 193 
a matter of debate for almost a century.  Two of the six arcs are larger (M1 and M2) than the rest 194 
(m1, m2, m3, m4). The outermost arc (M1) forms an impressive hill transverse to the valley and it 195 
seems to connect with the 60 m fluvial terrace, as pointed out by Panzer (1926) and Llopis-Lladó 196 
(1947). M2 links with the 20 m fluvial terrace. The inner arcs (m2, m3, m4) connect with the lower 197 
fluvial terrace level (7-8 m). Barrère (1963) considered that the M1 moraine did not connect with 198 
the 60 m terrace, but it was leaning against the pre-existing scarp of the terrace, and rejected the 199 
idea of a link between the two sedimentary bodies. The morphometric characteristics of clasts in the 200 
60 m terrace (flatness and roundness indices) led to Höllermann (1971) and Martí-Bono (1973) to 201 
conclude that the terrace was fluvioglacial and deposited during a period of glacier progression. 202 
Therefore, the two larger moraines in the terminal basin of the Aragón glacier would correspond to 203 
only one glaciation, and the 60 m terrace was formed during an older glaciation. Vidal-Bardán and 204 
Sánchez-Carpintero (1990) based on a soil development analyses in fluvial terraces and tills also 205 
suggested there was no connection between M1 and the 60 m terrace.  206 
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García-Ruiz et al. (2011) proposed three main stages using OSL dating on quartz grains from fluvial 207 
sand levels (Fig. 2): (i) The M1 moraine was deposited at 171 ± 22 ka (MIS 6); (ii) the M2 moraine 208 
was deposited at 68 ± 7 ka (MIS 4), synchronous to the 20 m fluvial terrace connected to the 209 
moraine; the m2 moraine was dated at 51 ± 4 ka and would also correspond to this stage; and (iii) 210 
the 60 m fluvial terrace was dated at 263 ± 21 ka, so it was deposited during a previous glacial stage 211 
(MIS 8). In such a case, no stratigraphical connection exists between M1 and the 60 m terrace. 212 
Nevertheless, it is important to note that the sample from the 60 m terrace was taken in a tributary 213 
of the Aragón River (The Aragón Subordán River), 23 km downstream of the ice front. 214 
The Aragón Valley glacial chronology provides a new perspective of the Late Pleistocene 215 
glaciations in the Pyrenees: it solves the problem of the number of glaciations represented in the 216 
Villanúa basin, and confirms the occurrence of the MIE several thousand years before the global 217 
LGM. 218 
<Fig. 2. > 219 
2.2. The Central and Eastern Pyrenees valleys 220 
The headwaters of the Cinca River are in the northern slopes of the Monte Perdido Massif, at more 221 
than 3,000 m a.s.l., and close to some of the last glacier remains in the Pyrenees. During the Late 222 
Pleistocene, a large glacial tongue flowed in the upper Cinca Valley, reaching the confluence with 223 
the Cinqueta Valley, at about 780 m a.s.l. This end moraine connected with a fluvial terrace dated 224 
with OSL at 62.7 ± 3.9 ka (Lewis et al., 2009). This age is similar to a related fluvial terrace in the 225 
Cinca River, dated in nine different locations, with an OSL averaged age of ca. 64.4 ka. This age of 226 
maximum glacier extent is similar to the moraine M2 in the Villanúa basin (Aragón Valley). Loess 227 
deposits in the Cinca Valley dated about 20 ± 3 ka (OSL)  also suggest that during the global LGM 228 
the climate was colder than before (Lewis et al., 2009). Another evidence for colder climate during 229 
the global LGM is the development of stratified screes in the same Cinca Valley (Devotas Canyon), 230 
with a basal age of 22,800 ± 200 cal. yr BP (García-Ruiz et al., 2001). 231 
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The Ara Valley, between the Aragón and the Cinca valleys, also has provided evidence of an early 232 
MIE in the Pyrenees. The Ara Valley developed a thick ice tongue whose lateral moraines dammed 233 
most of the fluvial tributary valleys before its terminal area close to Sarvisé. The largest ice-234 
dammed valley was Sorrosal, where the Linás de Broto lake was progressively infilled with 235 
torrential and glaciolacustrine sediments. The lateral moraine that dammed the lake and the 236 
glaciolacustrine deposit yielded similar OSL ages (49±8 ka for the moraine and between 49±11 and 237 
55±9 ka for the lake sediments, Sancho et al., 2011).  238 
The results in the western and central Pyrenees using two different dating techniques (
14
C AMS and 239 
OSL) confirmed the asynchroneity between the MIE in the southern Pyrenean glaciers and the 240 
global LGM.  Recently, the use of cosmogenic surface dating methods in the Central and Eastern 241 
Pyrenees re-opened the discussion. In the Upper Ribagorzana Valley Pallàs et al. (2006) analyzed 242 
25 erosive surfaces and granodiorite blocks and dated the end moraine at 21.3± 4.4 ka 
10
Be, and the 243 
inner moraines between 16 and 11 ka 
10
Be. In the Têt Valley (northern side of the Eastern Pyrenees) 244 
Delmas et al. (2008) reported similar extents for the ice tongues during MIS 2, 3, 4 and 5. In the 245 
Malniu Valley (tributary of the Querol Valley, in the southern face of the Eastern Pyrenees) Pallàs 246 
et al. (2010) reported the occurrence of the MIE at 49.2 ± 1.3 ka 
10
Be, with a similar glacial advance 247 
during MIS 2. However, recently in the Ariège Valley, Delmas et al. (2011, 2012) dated the MIE at 248 
79.9 ± 14.3 ka 
10
Be. In addition, in the Andorra valleys, Turu i Michels et al. (2011) dated the MIE 249 
at 59 ± 1.18 ka 
21
Ne. These surface exposure ages are in agreement with glacier chronologies 250 
derived from OSL and 
14
C AMS techniques that proposed a MIE prior to global LGM. 251 
3. The glacial record in NW Iberia  252 
3.1. The history of glacial research in NW Spain 253 
The glacial record of NW Iberia has been studied since the end of the 19
th
 century, starting with 254 
pioneering contributions on glacial geomorphology in the Trevinca-Sanabria area (Fernández Duro, 255 
1879) that included the first qualitative descriptions, sketches, and hypothesis about glacial 256 
evolution (Pioneer Stage).  257 
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However it was not until the last two decades of the 20
th
 century, when a reactivation of the interest 258 
on glacial geomorphology of NW Iberia took place, initiating the Mapping Stage. These new 259 
studies focused on the qualitative and quantitative description of glacial deposits and erosion 260 
landforms. Some of them reported the first ELA altitude estimations and ice flow patterns, based on 261 
fieldwork, photointerpretation, and the development of geomorphological maps, as well as 262 
morphometric analyses (Arenillas and Alonso, 1981; Flor and Baylón, 1989; Suárez-Rodríguez 263 
1990; Castañón and Frochoso, 1992a, 1992b; Alonso, 1993, 1998). Using geomorphological 264 
models initially established in the Pyrenees (Vilaplana, 1983; Bordonau et al., 1992) the MIE ice 265 
geometry in the area was reconstructed and retreat and stabilization stages were proposed for the 266 
last glacial cycle although field observations did not rule out the occurrence of deposits from 267 
previous glaciations (Jiménez-Sánchez, 1996; Menéndez-Duarte and Marquínez, 1996). The last 268 
remnants of glacial ice in the Cantabrian Mountains were described (González and Alonso, 1994) 269 
and attributed to the Little Ice Age (LIA) (Alonso and Gonzalez, 1998). Other contributions focus 270 
on ice flow patterns reconstructions during the MIE (Rodríguez-Guitián et al., 1995; Marquínez and 271 
Adrados, 2000; Flor, 2004) and the identification of evidence of the Little Ice Age in Picos de 272 
Europa Area (González Trueba, 2005, 2007). 273 
As in the Pyrenees, the Pioneer Stage of knowledge in NW Iberia started in the 19
th
 century, but the 274 
Advanced Stage was reached later than in the Pyrenees. Because of this, during the Mapping Stage 275 
it had been common to assume the initial Pyrenean chronologies as model for NW Iberia glacial 276 
evolution. The first absolute geochronological data for the Cantabrian Mountain (Redes Natural 277 
Park and Picos de Europa National Park) were not available up to this century (Jiménez-Sánchez 278 
and Farias, 2002). Recent advances on glacial evolution in NW Iberia involve the use of 279 
Geographic Information Systems (GIS) for quantitative glacial reconstructions and the integration 280 
of limnogeological studies with geomorphological models and geochronological data (Cowton et 281 
al., 2009; Moreno et al., 2010; Rodríguez-Rodríguez et al., 2011).  As shown below, these studies 282 
point to a local glacial maximum older than the global LGM.  283 
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3.2. Selected sites of NW Iberia 284 
Three sites of NW Iberia have been selected as examples of geomorphological and 285 
geochronological glacial records, namely (from W to E): Trevinca Massif, Redes Natural Park and 286 
Western Massif of Picos de Europa. Five new dates are included in this review for the last two sites. 287 
3.2.1. The Trevinca Massif 288 
The Trevinca Massif is one of the most western mountain areas of northern Spain, located 289 
southwest of the Cantabrian Mountain Range and close to the Spain – Portugal border (42º10’N and 290 
6º50’ W) (Fig. 1b). The bedrock is made up of Cambrian to Ordovician igneous and metamorphic 291 
rocks, intensely fractured (Ollo de Sapo Domain; Díez-Montes, 2006). The highlands are 292 
characterized by a smooth topography with altitude ranging between 1600-2100 m a.s.l. (Peña 293 
Trevinca, 2128 m a.s.l.). Several glacial U-shaped valleys cut the margins of this high plateau, and 294 
glacial cirques are scarce. The main glacial valleys of the Trevinca Massif are the Bibei and 295 
Barxacoba in the west side, and Segundera-Cárdena and Tera in the east side (Sanabria sector). End 296 
and lateral moraines are locally well-preserved in both sides of the massif, as well as ice contact and 297 
fluvioglacial sediments at altitudes as low as 940 m a.s.l. 298 
The glacial record of the Trevinca Massif has been studied since the end of the 19
th
 and during the 299 
early 20
th
 centuries (Fernández Duro, 1879; Taboada, 1913; Halbfass, 1913; Stickel, 1929). 300 
Taboada (1913) attributed the glacial landforms and deposits in the Sanabria sector to the Riss and 301 
Würm glacial cycles. Subsequently, Llopis-Lladó (1957) ascribed the local glacial evolution to 302 
three glacial cycles (Mindel, Riss and Würm), and subdivided the younger one in a glacial 303 
maximum stage (Würm I) and two epiglacial recession stages (Würm II and III) based on the 304 
weathering grade of till deposits and their correlation with the adjacent fluvial terrace levels. The 305 
first palynological studies carried out on the lacustrine deposits located close to the Sanabria Lake 306 
(Laguna de las Sanguijuelas and Sanabrian Marsh ponds) and on the Trevinca highlands (Laguna de 307 
la Roya and Laguna Cárdena ponds) only provided Holocene records (Menéndez-Amor and 308 
Florschütz, 1961; Allen et al., 1996; Muñoz-Sobrino et al., 2004). 309 
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Only recently glacial evolution reconstructions, calculation of ELA´s, and local MIE-LGM 310 
chronologies are available (Rodríguez-Guitián et al., 1995; Cowton et al., 2009; Rodríguez-311 
Rodríguez et al., 2011; Pérez-Alberti et al., 2011). During the local MIE, the highlands of the 312 
Trevinca Massif were covered by an ice cap more than 440 km
2
 and with the ELA located at an 313 
altitude of 1500-1600 m (Cowton et al., 2009). The ice cap was drained by outlet glaciers more than 314 
20 km long through the Bibei, Barxacoba, Segundera-Cárdena, and Tera glacial valleys, placing the 315 
glacial fronts at altitudes between 990 and 940 m a.s.l. in the west and east sides of the massif, 316 
respectively (Rodríguez-Guitián and Valcárcel, 1994; Rodríguez-Rodríguez et al., 2011). Ice 317 
thickness for the local MIE in the Sanabria sector was in the range of 200-300 m on the flat uplands 318 
up to 454 m at the Tera and Segundera-Cárdena valleys confluence (Rodríguez-Rodríguez et al., 319 
2011). In Bibei Valley, ice thickness was up to 500 m, based on altitude differences between the 320 
valley bottom and the moraines preserved at Cepedelo site (Rodríguez-Guitián and Valcárcel, 321 
1994). Recent geomorphological, sedimentological and chronological studies carried out on Pías 322 
and Sanabria sites have provided the first dates in the Trevinca Massif. 323 
Pías site is a glacial deposit located close to the confluence between the Bibei and Barxacoba glacial 324 
valleys (1010 m a.s.l.), in a quarry placed south of the Pías Reservoir (Pérez-Alberti et al., 2011). 325 
The sediment outcrop consists of three units deposited in a post-MIE phase. The lower one is made 326 
up of fine grained sediments, with some intercalations of coarser detrital material deposited in a 327 
fluvioglacial environment. The middle unit is composed of two diamicton levels —indicative of two 328 
advances of the Bibei glacier— separated by fluvioglacial sands and gravels deposited in a 329 
proglacial environment downstream the Bibei glacial front. Finally, the upper unit is made up of 330 
waterlaid deposits with some diamictite levels, overlain by organic rich deposits. This upper unit 331 
has been interpreted as a braided-type fluvioglaciar to fluvial environment. Three OSL samples 332 
from the sandy levels of the lower unit have reported ages of 27 ± 2, 31 ± 3, and 33 ± 3 ka (Pérez-333 
Alberti et al., 2011), indicative of a local MIE older than 30 ka for the west side of the Trevinca 334 
Massif. 335 
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<Fig. 3. > 336 
Sanabria site presents a moraine complex located at the end of the Tera Valley constituted by 337 
several lateral moraines more than 6 km long, nine frontal moraines, and some undifferentiated till 338 
deposits (Rodríguez-Rodríguez et al., 2011). Geomorphological evidence supports a deglaciation 339 
with 10 episodes of glacier front retreat and stabilization after the local MIE. Sanabria Lake is 340 
located in the inner side of this moraine complex and occupies a glacial over-deepening depression 341 
(3.5 km
2
) at 1000 m a.s.l. The bottom of the lacustrine sedimentary sequence shows massive to 342 
banded sands and silts interpreted as proglacial lake deposits. Two 
14
C AMS dates from the base 343 
and the top of this basal clastic unit constrain its age between 25,584±374 and 14,494±347 cal. yr 344 
BP (dates from bulk sediment and terrestrial plant remains, respectively). The Sanabria sequence 345 
also reveals an episode of glacial re-advance between 13.1 and 12.3 cal. ka BP with deposition of 346 
more clastic facies before the definitive onset of organic-rich sedimentation prevailing during the 347 
Holocene. Another core (SAN08-SM1) retrieved from an ice-dammed deposit formed behind the 348 
MIE lateral moraine at San Martin de Castañeda has provided a 
14
C AMS minimum age of 349 
21,833±358 cal. yr BP for the local MIE. Since both cores did not reach the base of the proglacial 350 
sequence, the local MIE in the east side of the Trevinca Massif should be older than the base of the 351 
recovered Sanabria sequence (25.6 cal. ka BP) (Rodríguez-Rodríguez et al., 2011). 352 
<Fig. 4. > 353 
Taken together the OSL and 
14
C AMS data from both the Pias and the Sanabria sites, the MIE of the 354 
Trevinca Massif would have taken place prior to the global LGM. 355 
3.2.2. Redes Natural Park  356 
Redes Natural Park is located on the headwaters of the Nalón River, in the Northern slope of the 357 
Cantabrian Mountain Range (Fig. 1b) (43º13’N, 4º58’O). The bedrock consists of Cambrian to 358 
Ordovician sedimentary rocks including limestone, quartzite sandstone and alternations of silt, lutite 359 
and sandstone materials (Álvarez-Marrón et al., 1989). The main mountain range (Torres Peak, 360 
2104 m a.s.l.) is located towards the South and contains numerous glacial landforms and deposits as 361 
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cirques, valleys, end and lateral moraines, tills, ice-dammed and fluvioglacial deposits above 930-362 
1100 m altitude.  363 
Previous research (Jiménez-Sánchez, 1996; Jiménez-Sánchez and Farias, 2002; Jiménez-Sánchez et 364 
al., 2002) allowed to establish a local GM phase (Phase 1) followed by two subsequent phases of 365 
glacial front retreat and stabilization (Phases 2 and 3). During the MIE glacier fronts descended to 366 
1300-950 m (increasing from E to W), and glacier tongues extended up to 5 km-long (Phase 1). End 367 
moraines evidence the stabilization of glacial fronts first at 1300-1500 m (Phase 2) and afterwards 368 
at 1500-1700 m (Phase 3).  369 
Two areas of Redes Natural Park have provided detailed chronologies for the local GM: Monasterio 370 
and Tarna valleys (Fig1b). Four lateral moraines trending N-S appear in Vega de Brañagallones 371 
area, in Monasterio Valley, at altitudes between 1200 and 1250 m a.s.l. (Fig. 5.) During the local 372 
MIE (Phase 1), an alpine glacier flowed from S to N and developed a set of lateral moraines that 373 
blocked a tributary stream to the East, forming the ice-dammed deposit of the Vega de 374 
Brañagallones (0.60 km
2
 surface). A 36.7 m-long core (S1) drilled in 1998 showed a lacustrine 375 
clastic sequence, and a bulk sediment sample close to the base (35.6 - 35.5 m depth) gave an age of 376 
28,990  230 uncal. yr BP (Jiménez-Sánchez and Farias, 2002). If we calibrate this age using the 377 
CalPal Software and the CalPal 2007 Hulu curve (Weninger et al., 2007; Weninger and Jöris, 2008) 378 
gives a calibrate age of 33,485±362 cal. ka BP that represents a minimum age for the local GM. . 379 
The remaining lateral moraines of this set represent smaller glacier fluctuation during its retreat and 380 
thinning after the local GM. Therefore, the age of these moraines could provide an upper limit for 381 
the local GM. An outcrop of the second outermost lateral moraine (Fig. 5) was sampled for OSL 382 
dating (Brañag-1). The OSL analysis on quarzt grains of the sandy fraction of the till matrix gave a 383 
result of 23,967±1841 yr (Table 1). Therefore, the local GM was coeval or younger than 29 ka in 384 
Monasterio Valley and the glacial retreat after local GM was already taking place at least at about 385 
ca 24 ka.  386 
<Fig. 5. & Table 1 > 387 
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The Tarna Valley (Nalón River headwater) is located to the east of Redes Natural Park and extents 388 
from the Tarna Pass (1490 m a.s.l.) to 850 m a.s.l. Glacial evidence includes till deposits, lateral 389 
moraines and polished surfaces in quartzite bedrock at the head of the valley. The glaciers reached 390 
as low as 930 m a.s.l. in this valley during local MIE (Phase 1). Fluvioglacial deposition and 391 
complex landslides occurred during subsequent glacial retreat. Landslides affected both the 392 
Paleozoic bedrock and the till and fluvioglacial deposits, and the age of their placement could 393 
provide a minimum age for glacial retreat between the local GM phase and the subsequent Phase 2. 394 
A new OSL sample (Tarna-1) from an outcrop of one of these complex landslides gave an age of 395 
22,983 ± 2,321 yr (Fig. 6 and Table 1). At the headwaters of the same valley (1415 m a.s.l.), a peat 396 
bog developed in a glacial hollow originated by ice during Phase 2 provided a basal age of 20,640  397 
300 uncal. yr BP (Jiménez-Sánchez and Farias, 2002) —calibrated in this work at 24,579±421 cal. 398 
ka BP with the CalPal Software and the CalPal 2007 Hulu curve (Weninger et al., 2007; Weninger 399 
and Jöris, 2008)—. This age represents as a minimum age for Phase 2 in the area (Fig. 6). Both new 400 
dates from Tarna Valley support a local GM prior to global LGM. 401 
<Fig. 6. > 402 
To sum up, the available glacial chronologies of Redes Natural Park suggest that: i) local GM is 403 
coeval or younger than ca 33.5 cal. ka BP; ii) at ca 24.6 cal. ka BP, glaciers would have already 404 
retired at altitudes higher than 1430 m. 405 
3.2.3. Picos de Europa: Enol-Comeya area 406 
The Picos de Europa, included in the Cantabrian Mountain Range, is one of the most extensive 407 
calcareous massifs in the world. It is formed by an imbricate thrust system of Variscan age, piling 408 
up a > 1000 m thick stack of Carboniferous carbonate series. The partial alpine reactivation of these 409 
thrusts and the development of new E-W faults (Marquínez, 1992; Alonso et al., 1996) are 410 
responsible of the current landscape, with peaks higher than 2600 m above sea level only 28 km far 411 
from the Cantabrian Sea coast. Glacial and karstic landforms are the most outstanding landscape 412 
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features of these mountains. Four S to N flowing rivers have carved deep and steep valleys and 413 
canyons, and divide this alpine relief, into Western, Central and Eastern massifs. 414 
Glacial features were described in Picos de Europa Mountains early in the 20
th
 century (Hernández 415 
Pacheco, 1914; Obermaier, 1914). Glacial deposits and erosion forms, ELA altitudes, ice flow 416 
patterns and glacial reconstructions for the last glacial cycle are relatively well-known (Miotke, 417 
1968; Smart, 1986; Farias et al., 1996; Gale and Hoare, 1997; Alonso, 1998; Marquínez and 418 
Adrados, 2000; Jiménez-Sánchez and Farias, 2002; Flor, 2004; González Trueba, 2007; Moreno et 419 
al., 2010). Most authors agree that during the local MIE, glacial ice would have covered the highest 420 
areas of the Picos de Europa and flowed in a radial pattern. Nevertheless, some glacial landforms 421 
could have originated during a previous glaciation (Obermaier, 1914; Gale and Hoare, 1997; Flor, 422 
2004). 423 
The Covadonga Lakes —Enol and Ercina, (43º 16’N, 5ºW, 1030 m asl) — located in the Western 424 
Massif of the Picos de Europa Mountains contain a unique record of glacial activity. The location of 425 
the lakes is controlled by the lithology —contact between carboniferous limestone and siliciclastic 426 
rocks (Marquínez, 1989) — and glacial history — over carved basins with the occurrence of end 427 
and lateral moraines —. Glacial arêtes, end and lateral moraines and glacial valleys as Enol and 428 
Bricial valleys are well preserved in the area and some rockfall and avalanche deposits are 429 
indicative of gravity processes after ice retreat. 430 
The Enol Lake (0.08 km
2
) occupies a glacial hollow eroded by a glacier tongue during the local 431 
GM. This glacier was initially stabilized at 1030m, as marked by till deposits, and subsequently 432 
retreated towards the South (Fig. 7a). Cores drilled in the Enol Lake in 2004 reached proglacial 433 
sediments deposited in the lake during the glacial retreat. The recovered proglacial sequence spans 434 
from 37,151-38,729 cal. yr BP til 26 ka (Moreno et al., 2010). Between ca. 26 to 18 ka BP, glacial 435 
dynamics was still greatly influencing lake sedimentation (glaciolacustrine environment) because of 436 
the close proximity of the ice. The Enol chronology demonstrates that the onset of proglacial 437 
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sedimentation in Enol Lake after glacial retreat took place at least ca 38 ka BP, earlier than the 438 
global LGM (Moreno et al., 2010).  439 
<Fig. 7. > 440 
The Comeya hollow (also reported as Comella) is a 1.2 km
2
 basin of smooth relief located 700 m 441 
downstream from the Enol Lake (Fig. 7b). Initially, a tectonic origin was suggested as an E-W 442 
fault- bound graben filled by sediments (Farias et al., 1996). Recently Flor (2004) proposed a 443 
glacial origin due to erosion during a previous glaciation. Two cores (SC1 and SC2; 42.5 and 56.7 444 
m-depth, respectively) were drilled in Comeya in 1991. The sedimentary sequence shows torrential 445 
and proglacial lacustrine sediments derived from the ablation waters of Enol-Ercina glacier front 446 
located at 1030 m altitude (Fig. 8). The SC2 core sequence consists of five main stratigraphic units 447 
(Farias et al., 1996; Jiménez-Sánchez and Farias, 2002). A level of lacustrine organic–rich 448 
sediments at 35.5 m depth provided the first radiometric ages for the region: 40,480±820 uncal. yr 449 
BP (Jiménez-Sánchez and Farias, 2002) —44,118±885 cal. ka BP with the CalPal Software and the 450 
CalPal 2007 Hulu curve (Weninger et al., 2007; Weninger and Jöris, 2008) (Fig. 8) —. The 451 
sedimentation of lacustrine facies in Comeya hollow after 40 ka BP would have been synchronous 452 
with the Enol Glacier ablation during the local GM (Jiménez Sánchez and Farias, 2002). 453 
<Fig. 8. > 454 
SC2 core curated at the Geology Department (Oviedo University) was resampled for new 
14
C and 455 
OSL analyses (Fig. 8 and Table 2). A piece of wood at 6m-depth gave an age of 9,109±74 cal. yr 456 
BP, and predates the onset of peat deposition. A bulk sediment sample from the top of the lacustrine 457 
sequence (10 m deep) gave an age of 14,734±326 cal. yr BP for the end of the lacustrine deposition. 458 
A third sample for OSL was taken from a cemented sand and silt level with dispersed gravels at 459 
42.60-42.80 m deep. Precautions were taken to assure that the inner part of the core had not been 460 
exposed to light before analyses. The age of 44,966±3,337 yr (Table 1) is coherent with previous 461 
14
C dates of the Comeya sequence. Both 
14
C and OSL dates indicate that the Comeya hollow was 462 
already fed by melt waters from the Enol glacier ca 45 ka ago. Although no evidence of till deposits 463 
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have been found at altitudes lower than 1030 m in this sector, it seems likely that over-deepening 464 
processes contributed to the origin of the Comeya hollow basin. Therefore, the age of Comeya infill 465 
must be synchronous with the local GM or even younger. 466 
<Table 2> 467 
To sum up, the glacial record of Picos de Europa area demonstrates that: i) the MIE reached 1030 m 468 
a.s.l., as deduced from the end moraines, and the local GM in Picos de Europa would have occurred 469 
at least ca 45 ka BP; ii) if glaciers would have over-deepened the Comeya hollow in a previous 470 
cycle, the local MIE could be even older; and iii) at about ca 38 cal. ka BP glaciers would have been 471 
retreated up to 1030 m, and a proglacial lake appeared in Enol.  472 
3.3. Other glacial evidence from NW Iberia 473 
The Ancares Range (Cuiña Peak, 1998 m a.s.l.) located to the North of the Trevinca Massif and 474 
West of the Cantabrian Mountains also had extensive glaciations. Geomorphological evidence 475 
support a local MIE phase with three glacier tongues descending to 850 m a.s.l., along the 476 
Porcarizas, Burbia, and Ancares valleys (Pérez-Alberti et al., 1992; Kossel, 1996). This glacier 477 
system would have been 13 km-long and 260 to 280 m-thick, with ELA´s ranging between 1400 478 
and 1500 m altitude. South of Ancares, Courel Mountains had a similar glacier dynamics 479 
(Rodríguez-Guitián et al., 1995) with local MIE followed by two subsequent phases of glacier front 480 
retreat and stabilization. Radiocarbon dates obtained from peat bog in a glacial cirque (17.4 ka BP) 481 
imply almost a total glacial recession by the time of the global LGM (Muñoz-Sobrino et al., 2001). 482 
West of the Trevinca Massif, surface exposure ages obtained on glacial polished surfaces and 483 
moraine boulders in the Queixa-Invernadoiro and Gerêz-Xurés mountain ranges, have provided 484 
considerable older ages (Vidal-Romaní et al., 1999). The local MIE moraine in the Queixa-485 
Invernadoiro Range gave ages of 126.1±13.2 ka 
21
Ne and two drumlins located upwards of 486 
21.6±16.9 and 15.4±6.9 ka 
21
Ne. In the Gerêz-Xurés Range, two glacial surfaces gave ages of 487 
238.3±17.2 and 130.7±16.8 ka 
21
Ne for the local MIE and subsequent deglaciation, respectively. 488 
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These exposure ages would imply local MIE phases correlating with marine isotope stages MIS 6 489 
and MIS8, respectively.  490 
In the western sector of the Cantabrian Mountains (Somiedo - Babia area), glacial deposits and 491 
landforms have been described (Muñoz Jiménez, 1980; Menéndez-Duarte and Marquínez, 1996; 492 
Alonso and Suárez-Rodríguez, 2004), but without a chronological model.  Jalut et al. (2004, 2010) 493 
described the glacial features of the Sil Valley in the southern slope of the Cantabrian Mountains, 494 
and provided 
14
C AMS dates from the base of two glaciolacustrine deposits (Villaseca and La Mata, 495 
at 1317 and 1500 m a.s.l., respectively). The results placed the local MIE at 890 m a.s.l. and the 496 
timing of local GM at least prior to 41,150 cal yr BP (Jalut et al., 2010). In the eastern end of the 497 
Cantabrian Mountains, recent 
14
C AMS dates from lacustrine records have established minimum 498 
ages for local MIE:  In the Trueba Valley between 29,149 – 28,572 cal yr BP when the glacial front 499 
reached 750 m a.s.l. (Serrano et al., 2011), and in the Vega Naranco Valley, between 28,630-28,330 500 
cal yr BP for a post-MIE glacial phase (Pellitero-Ondicol, 2011). 501 
5. Discussion  502 
5.1. Northern Iberian and global glacial chronologies  503 
Chronological data reported in this paper (26 dates from the Pyrenees and 12 from NW Iberia) and 504 
the SPECMAP-1 oxygen-isotopic curve for the last 300 ka (Martinson et al., 1987) as a reference 505 
for the succession of glacial and interglacial isotopic stages are shown in Fig.9.  506 
<Fig. 9. >  507 
Northern Iberian glacial ages appear clustered in two groups: i) ca. 21.3 to 97 ka corresponding to 508 
the last glacial cycle (isotope stages 2 to -5d), and ii) ca. 122.1 to 263 ka corresponding to previous 509 
glacial cycles (from Eemian to isotope stages 6 to 8). The first group dates (last glacial cycle), are 510 
from end moraines (synchronous to local GM, or indicating stabilization episodes after local GM 511 
retreat), peat bog and lacustrine deposits filling up previously glaciated hollows, and loess  512 
(indicators of minimum ages for the local GM). The second group (glacial cycles previous to the 513 
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last one) includes OSL dates from fluvioglacial deposits or fluvial terraces, and cosmogenic surface 514 
dating in moraine and erratic boulders or glacial polished surfaces. 515 
The Pyrenean data indicate that the local GM (i.e. the Würmian MIE) occurred earlier (MIS 4-MIS 516 
5) in that region than the global LGM (MIS 2), though the ice extent was different in the Central 517 
than in the Eastern Pyrenees. Glacial advances during MIS 4 and MIS 2 occurred in both regions, 518 
but in the Central Pyrenees, MIS 4 and MIS 2 ice tongues are clearly separated in space, and MIS2 519 
re-advance was restricted to headwater positions (Gállego Valley) while in the Eastern Pyrenees, 520 
the ice extent was almost similar during the MIS 4 and MIS 2. 521 
The compiled geomorphological and geochronological data for the last glacial cycle in NW Iberia 522 
also suggest that the local GM took place prior to the global LGM. Thus, in the Trevinca Massif, 523 
14
C AMS chronologies would imply a local GM older than 25.6 ka BP, (Sanabria core SAN04-3A) 524 
while OSL dating of fluvioglacial deposits support a local GM older than 33±3 ka. In Redes Natural 525 
Park, local GM was coeval or younger than ca 33.5 ka, and by ca 25 cal. ka BP glaciers would have 526 
retreated higher up than 1415 m.a.s.l. Last local GM in Picos de Europa occurred prior or 527 
synchronous to ca 45 ka. The NW Iberia data set fits the first scenario (local GM earlier than global 528 
LGM of MIS 2) established by Hughes and Woodward (2008). 529 
Both in Pyrenees and NW Iberia, there is ample evidence that the last local MIE was not the most 530 
extensive one during the Quaternary.  This is the case of the Aragón, Gállego, Cinca, and Ariège 531 
valleys in the Pyrenees, and the Gêrez-Xurès, and Queixa-Invernadoiro mountain ranges in NW 532 
Iberia. More extensive glaciers than those associated to the last glacial cycle occurred during stages 533 
MIS6 and MIS8.  534 
5.2. Asynchronous glacial maxima: dating techniques limitations or climatic variability? 535 
Are the observed differences between local MIE and global LGM related to dating techniques or 536 
could they be explained by a different regional response to climate fluctuations? The possibility of 537 
dating errors has already been discussed in previous works (Hughes and Woodward, 2008; García-538 
Ruiz et al., 2010). For example, radiocarbon ages could be affected by ageing, because of 539 
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contamination with recycled old carbon (Bordonau et al., 1993) or the influence of a carbonate-rich 540 
bedrock (Pallàs et al., 2006). However, the glacial chronologies from non-carbonate areas 541 
(Sanabria) and carbonate – rich areas (Enol) are coherent and some radiocarbon samples are 542 
terrestrial organic remains, minimizing the possibility of errors based on 
14
C dating procedures. In 543 
addition, the choice of surfaces for exposure dates can lead to sampling errors and to ages younger 544 
than usual. 545 
The coherence of one set of dates obtained with a technique in a similar morphostratigraphic 546 
context has usually been considered an argument to validate the chronological model. For example, 547 
in the Pyrenees, the exposure dates from the Noguera Ribagorzana Valley (Pallàs et al., 2006) and 548 
the Têt Valley group around the global LGM. Nevertheless, the exposure dates from a small 549 
tributary of the Querol Valley, known as Malniu (Pallàs et al., 2010), and the Ariège Valley 550 
(Delmas et al., 2011, 20012) confirm the occurrence of a Würmian MIE prior to the global LGM.  551 
OSL dates in the Central Pyrenees are also consistently showing older ages. And in addition, the 552 
still few OSL data from NW Iberia (Pias Site, Redes Natural Park and Comeya SC2 dating) are also 553 
coherent with local GM older than the LGM. 554 
A useful approach to solve this controversy is the integration of data coming from the analyses of 555 
lake sediments and from the geomorphological studies and several dating techniques.  This 556 
methodology is the best approach to infer the history of glacial retreat as includes multiproxy 557 
studies and provides the geomorphological framework for accurate chronologies. Tramacastilla 558 
Paleolake (García-Ruíz et al., 2003) and El Portalet peat bog (González-Sampériz et al., 2006) in 559 
Central Pyrenees, and Enol Lake (Moreno et al., 2010), and Sanabria Lake (Rodríguez-Rodríguez et 560 
al., 2011) in NW Iberia are good examples of integration of multiproxy data. In all these sites, 561 
glacial landforms and sediments were mapped in detail and successive scenarios in the glacier 562 
evolution were reconstructed using lake sediments chronologies. In Enol and Sanabria, the base of 563 
the lacustrine sedimentary sequences gave the age of the proglacial lakes formation, providing a 564 
minimum age for local GM (Moreno et al., 2010, Rodríguez-Rodríguez et al., 2011). Sedimentary 565 
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hiatus in lake sequences provide evidence of phases of glacier activity (González-Sampériz et al., 566 
2006).  567 
Most of the 
14
C AMS and OSL glacial chronologies reported here fit with first scenario of glacial 568 
evolution described by Hughes and Woodward (2008). These authors followed earlier hypotheses 569 
of Gillespie and Molnar (1995) explaining the asynchroneity of glacier maxima between continental 570 
and mountain glaciers around the world as a result of the particular sensitivity of mountain glaciers 571 
to regional climate as well as global conditions. Florineth and Schlüchter (2000) had also explained 572 
the differences in glacier development between Scandinavia, the Alps and Southern Europe and 573 
proposed that during the MIS 4 and 3, the location of the Polar Front around 46º N, favoured 574 
meridian circulation and the growth of glaciers in western Scandinavia, Pyrenees, Vosgues and 575 
northern Alps. After 30,000 yr BP, climate was increasingly drier, and the glaciers in south Europe 576 
grew again though their advance remained restricted to upstream positions. Preuser et al. (2007) and 577 
Ivy-Ochs et al. (2008) showed similar glacial evolution in the western Alps. Local differences in the 578 
ice extent in the Pyrenees during the last maximum could be explained by regional climate 579 
dynamics. Calvet et al. (2011) proposed that the higher activity of the Balearic low atmospheric 580 
pressure centre during the MIS 2 could explain the differences in glacier extent between Eastern 581 
(larger advances) and central Pyrenees.  582 
Our review of available data favours a regional response to global climate variability as the main 583 
forcing to explain the observed glacial asynchronies. However, new dates and detailed 584 
geomorphologic surveys are necessary to refine the age models and further define the regional 585 
differences. 586 
6. Conclusions  587 
The review of glacial chronologies in northern Spain Mountains evidences the different research 588 
history of both regions: in the Pyrenees the glacial chronology is better known and absolute dating 589 
techniques have been applied for more than 30 years ago, while in NW Iberia, quantitative data on 590 
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glacial evolution are still few, and the first chronological data have been published in the last 591 
decade. 592 
Most of the Pyrenean ages obtained from moraines, glacio-lacustrine deposits and fluvial terraces 593 
point to local GM earlier than global LGM, that is, during MIS 4, between 50 and 70 ka. A second 594 
re-advance coinciding with the global LGM has been detected in talus screes, loess deposits and 595 
moraines, although it has different extent in the Central and the Eastern Pyrenees. Minor advances 596 
after the global LGM are represented by many frontal moraines. The use of cosmogenic isotopes 597 
and OSL dating techniques indicates the occurrence of glaciations prior to the last glacial cycle 598 
corresponding to MIS 6 (about 170 ka) and even to MIS 8.  599 
In NW Iberia, 
14
C AMS dating of marginal deposits (synchronous as or younger than local GM), 600 
peat bogs and proglacial sediments in glacial lakes established after glacial retreat have constrained 601 
a minimum age for local GM. OSL techniques applied to glacial and fluvioglacial deposits provide 602 
ages for the local GM. All of the ages point to local GM earlier than global LGM, with minimum 603 
ages between ca 26 to 45 ka. Our review integrating the analysis of glaciolacustrine deposits with 604 
the geomorphological study of the glaciated areas and absolute age control defines glacial evolution 605 
models with local GM prior to LGM in the Pyrenees and NW Iberia.  606 
The sensitivity of mountain glaciers to local and global climatic changes could explain satisfactorily 607 
the regional differences observed, as it has been postulated in other mountainous areas of the 608 
Mediterranean Region (Hughes et al., 2010). However, the possibility of a bias introduced by the 609 
different dating methodologies cannot be totally discarded. New data are necessary to refine the 610 
chronological models and to identify the geographic variability in glacial evolution. The 611 
implementation of multidisciplinary strategies involving geomorphological, geochronological, 612 
limnogeological and other palaeoenvironmental techniques are necessary to improve our knowledge 613 
of glacial evolution in the Iberian Peninsula. 614 
Acknowledgements 615 
26 
 
This research has been funded through the projects LIMNOCAL (CGL2006-13327-C04-01) and 616 
GRACCIE (CONSOLIDER Program, CSD2007-00067) provided by the Spanish Inter-Ministry 617 
Commission of Science and Technology (CICYT). Additional funding was provided by the Spanish 618 
National Parks Agency (OAPN) through the Project 53/2006 and the Fundación Patrimonio Natural 619 
de Castilla y León (Sanabria project); and by the Project PC 10-14 (Geoarchaeology and Global 620 
Change in Asturias) provided by FICYT. The authors thank to Dr. Woodward and another 621 
anonymous reviewer their comments and suggestions that contributed to improve the original 622 
manuscript. 623 
References 624 
Allen, J.R.M., Huntley, B., Watts, W.A., 1996. The vegetation and climate of northwest Iberia over 625 
the last 14,000 yr. Journal of Quaternary Science 11, 125-147. 626 
Alonso, V., 1993. Análisis de circos glaciares en las cabeceras de los ríos Narcea, Ibias y Sil. 627 
Cordillera Cantábrica (NO de la Península Ibérica). Cuaternario y Geomorfología 7, 101-112. 628 
Alonso, V., 1998. Covadonga National Park (Western Massif of Picos de Europa, NW Spain): a 629 
calcareous deglaciated area. Trabajos de Geología 20, 167–181.  630 
Alonso, V., González, J.J., 1998. Presencia de hielo glaciar en los Picos de Europa (Cordillera 631 
Cantábrica). El helero del Jou Negro. Cuaternario y Geomorfología 12 (1-2), 35-44. 632 
Alonso, J.L., Pulgar, J.A., García-Ramos, J.C., Barba, P., 1996. Tertiary Basins and Alpine 633 
Tectonics in the Cantabrian Mountains (NW Spain). In: Friend, P.F., Dabrio, C.J. (Eds.), 634 
Tertiary Basins of Spain: Tectonics, climate and sea-level change. Cambridge University 635 
Press, Cambridge, pp. 214-227. 636 
Alonso, V., Suárez-Rodríguez, A., 2004. Evidencias geomorfológicas de la existencia de un 637 
pequeño casquete glaciar en la comarca de Babia Alta (Cordillera Cantábrica). Revista de la 638 
Sociedad Española de Geomorfología 17 (1-2), 61-70. 639 
Álvarez-Marrón, J., Heredia, N., Pérez-Estaún, A., 1989. Mapa geológico de la Región del Ponga, 640 
E. 1:100000. Trabajos de Geología de la Universidad de Oviedo 18, 127-135. 641 
27 
 
Arenillas, M., Alonso, F., 1981. La morfología glaciar del Mampodre (León). Boletín de la Real 642 
Sociedad Española de Historia Natural 79, 53-62. 643 
Barrère, P., 1963. La période glaciaire dans l’Ouest des Pyrénées centrals franco-espagnoles. 644 
Bulletin de la Société Géologique de France 7, 516-526. 645 
Barrère, P., 1971. Le relief des Pyrénées Centrales Franco-espagnoles. Ph.D. Dissertation, Institut 646 
de Géographie, Université de Bordeaux, Bordeaux. 647 
Bordonau, J., 1992. Els complexos glacio-lacustres relacionats amb el darrer cicle glacial als 648 
Pirineus. Geoforma Ediciones, Logroño, 251 pp. 649 
Bordonau, J., Serrat, D., Vilaplana, J.M., 1992. Las fases glaciares cuaternarias en los Pirineos. In: 650 
Cearreta, A., Ugarte, F.M. (Eds.), The Late Quaternary in the Western Pyrenean Region. 651 
Servicio Editorial Universidad del País Vasco, Spain, pp. 303-312. 652 
Bordonau, J., Vilaplana, J.M., Fontugne, M., 1993. The glaciolacustrine complex of Llestui (Central 653 
Southern Pyrenees): A key-locality for the chronology of the last glacial cycle in the Pyrenees. 654 
Comptes Rengues de l´Académie des Sciences de Paris 316, 807-813. 655 
Calvet M, Delmas M, Gunnell Y, Braucher R, Bourlès D., 2011. Recent advances in research on 656 
Quaternary glaciations in the Pyrenees. Developments in Quaternary Science, 15, doi: 657 
10.1016/B978-0-444-53447-7.00011-8. 658 
Castañón, J.C., Frochoso, M., 1992a. Problemas de identificación de fases glaciares previas al 659 
Würm en las Montañas Cantábricas. In: Cearreta, A., Ugarte, F.M. (Eds.), The Late 660 
Quaternary in the Western Pyrenean Region. Servicio Editorial Universidad del País Vasco, 661 
Spain, pp. 313-318. 662 
Castañón, J. C., Frochoso, M., 1992b. La glaciación Würm en las Montañas Cantábricas. In: 663 
Cearreta, A., Ugarte, F.M., (Eds.), The Late Quaternary in the Western Pyrenean Region. 664 
Servicio Editorial Universidad del País Vasco, Spain, pp. 319-332. 665 
Cowton, T., Hughes, P.D., Gibbard, P.L., 2009. Palaeoglaciation of Parque Natural Lago de 666 
Sanabria, northwest Spain. Geomorphology 108, 282-291. 667 
28 
 
Delmas, M., Gunnell, Y., Braucher, R., Calvet, M., Bourlès, D., 2008. Exposure ages chronology of 668 
the last glaciation in the eastern Pyrenees. Quaternary Research, 69, 231-241. 669 
Delmas, M., Calvet, M., Gunnell, Y., Braucher, R., Bourlès, D., 2011. Palaeogeography and 
10
Be 670 
exposure-age chronology of Middle and Late Pleistocene glacier systems in the northern 671 
Pyrenees: Implications for reconstructing regional palaeoclimates. Palaeogeography, 672 
palaeoclimatology, palaeoecology 305. 109-122. 673 
Delmas, M., Calvet, M., Gunnell, Y., Braucher, R., Bourlès, D., 2012. Les glaciations quaternaires 674 
dans les Pyrénées Ariégeoises: approche historiographique, données paleogéographiques et 675 
chronologies nouvelles. Quaternaire 23, 61-85. 676 
Díez-Montes, A., 2006. La geología del Dominio ―Ollo de Sapo‖ en las comarcas de Sanabria y 677 
Terra do Bolo. Ph.D. Dissertation, Universidad de Salamanca, Salamanca.  678 
Elhers, J., Gibbard, P.L., 2007. The extent and chronology of Cenozoic Global Glaciation. 679 
Quaternary International 164-165, 6-20. 680 
Etlicher, B., De Goer de Hervé, A., 1988. La déglaciation würmienne dans le Massif Central 681 
Français: Le point de travaux récents. Bulletin de l’Association Française pour l’Étude du 682 
Quaternaire 34-35, 103-110. 683 
Farias P., Jiménez-Sánchez M., Marquínez J., 1996. Nuevos datos sobre la estratigrafía del relleno 684 
cuaternario de la depresio´n de Comeya (Picos de Europa, Asturias). Geogaceta 20, 1116–685 
1119. 686 
Fernández-Duro, C., 1879. El Lago de Sanabria o de San Martín de Castañeda. Boletin de la Real 687 
Sociedad de Geografía 6, 65. 688 
Flor, G., 2004. Morfologías glaciares a cotas bajas en el borde noroccidental del Parque Nacional 689 
de los Picos de Europa (Macizo Occidental, Asturias). In: Flor, G. (Ed.), Actas de la XI 690 
Reunión Nacional de Cuaternario, Universidad de Oviedo, Oviedo,  pp. 59–66. 691 
Flor, G., Baylón, J.I., 1989. El glaciarismo cuaternario de los Puertos de Aliva (Macizo Oriental de 692 
los Picos de Europa, Occidente de Cantabria). Cuaternario y Geomorfología 3, 27-34. 693 
29 
 
Florineth, D., Schlüchter, C., 2000. Alpine evidence for atmospheric circulation patterns in Europe 694 
during the Last Glacial Maximum. Quaternary Research 54, 295-308. 695 
Fontboté, J.M., 1948. La Ribera de Biescas. Pirineos 7, 39-88. 696 
Gale, S.J., Hoare, PG., 1997. The glacial history of the northwest Picos de Europa of Northern 697 
Spain. Zeitschrift Für Geomorphologie 41, 81–96. 698 
García-Ruiz, J.M., Martí-Bono, C., 2002. Mapa geomorfológico del Parque Nacional de Ordesa y 699 
Monte Perdido. ICONA, Madrid, 117 pp. 700 
García-Ruiz, J.M., Martí-Bono, C., 2011. Los depósitos glaciares del valle del Aragón Subordán, 701 
Pirineo Centro-occidental español. Cuaternario y Geomorfología 25 (1-2), 57-81. 702 
García-Ruiz, J.M., Bordonau, J., Martínez de Pisón, E., Vilaplana, J.M., 1992. Mapa 703 
geomorfológico. Benasque. Geoforma Ediciones, Logroño, 39 pp. 704 
García-Ruiz, J.M., Ortigosa, L., Gómez-Villar, A., Martí-Bono, C., 2000. Morphometry of glacial 705 
cirques in the Spanish Pyrenees. Geografiska Annaler 82A, 433-442. 706 
García-Ruiz, J.M., Valero, B., González, P., Lorente, A., Martí-Bono, C., Beguería, S., Edwards, L., 707 
2001. Stratified scree in the Central Spanish Pyrenees: Paleoenvironmental implications. 708 
Permafrost and Periglacial Processes 12, 233-242. 709 
García-Ruiz, J.M., Valero-Garcés, B.L., Martí-Bono, C., González-Sampériz, P., 2003.  710 
Asynchroneity of maximum glacier advances in the central Spanish Pyrenees. Journal of 711 
Quaternary Science 18, 61-72. 712 
García-Ruiz, J. M., Moreno, A., González-Sampériz, P., Valero-Garcés, B., Martí-Bono, C., 2010. 713 
La cronología del último ciclo glaciar en las montañas del sur de Europa. Una revisión. 714 
Revista Cuaternario y Geomorfología 24 (1-2), 35-46. 715 
García-Ruiz, J.M., Martí-Bono, C., Peña-Monné, J.L., Sancho, C., Rhodes, E.J., Valero-Garcés, B., 716 
González-Sampériz, P., Constante, A. 2011. El complejo morenico frontal del valle del 717 
Aragón (Pirineos meridionales). In: Turu, V., Constante, A., (Eds.), El Cuaternario en España 718 
y áreas afines. Avances en 2011. Fundación Henri Chevalier, Andorra la Vella, pp. 89-91. 719 
30 
 
Gillespie, A., Molnar, P., 1995. Asynchronous maximum advances of mountain and continental 720 
glaciers. Reviews of Geophysics 33 (3), 311-364. 721 
González, J.J., Alonso, V., 1994. Glaciers in Picos de Europa, Cordillera Cantábrica, northwest 722 
Spain. Journal of Glaciology 40 (134), 198-199. 723 
González-Sampériz, P., Valero-Garcés, B.L., Moreno, A., Jalut, G., García-Ruiz, J.M., Martí-Bono, 724 
C., Delgado-Huertas, A., Navas, A., Otto, T., Deboubat, J.J., 2006. Climate variability in the 725 
Spanish Pyrenees during the last 30,000 yr. revealed by the El Portalet sequence. Quaternary 726 
Research 66, 38-52. 727 
González-Trueba, J.J., 2005. La Pequeña Edad del Hielo en los Picos de Europa (Cordillera 728 
Cantábrica, NO de España). Análisis morfológico y reconstrucción del avance glaciar 729 
histórico. Revista Cuaternario y Geomorfología 19 (3-4), 79-94.  730 
González-Trueba, J.J., 2007. Geomorfología del Macizo Central del Parque Nacional Picos de 731 
Europa. Organismo Autónomo de Parques Nacionales – Ministerio de Medio Ambiente, 732 
Madrid, 231 pp.  733 
Halbfass, W., 1913. Der Castañedesee, der grösste Süsswasserse Spaniens, und seine Umgebud. 734 
Petermanns Geographische Miteilungen 59 (2), 306-312.  735 
Hernández-Pacheco, E., 1914. Fenómenos de glaciarismo cuaternario en la Cordillera Cantábrica. 736 
Boletín de la Real Sociedad Española de Historia Natural 45, 407-408.  737 
Höllermann, P., 1971. Zurunddungsmessungen an Ablangerungen im Hochgebirge. Zeitschrift für 738 
Geomorphologie N.F., Suppl. Bd 12, 205-237. 739 
Hughes, P.D., Woodward, J.C., 2008. Timing of glaciation in the Mediterranean mountains during 740 
the last cold stage. Journal of Quaternary Science 23 (6-7), 575-588. 741 
Hughes, P.D., Woodward, J.C., Calsteren van, P.C., Thomas, L.E., Adamson, K.R., 2010. 742 
Pleistocene ice caps on the coastal mountains of the Adriatic Sea. Quaternary Science 743 
Reviews 29, 3690-3708. 744 
31 
 
Hughes, P.D., Woodward, J.C., Gibbard, P.L., 2006a. Quaternary glacial history of the 745 
Mediterranean mountains. Progress in Physical Geography 30 (3), 334-364. 746 
Hughes, P.D., Woodward, J.C., Gibbard, P.L., Macklin, M.G., Gilmour, M.A., Smith, G.R., 2006b. 747 
The glacial history of the Pindus Mountains, Greece. Journal of Geology 114, 413-434. 748 
Ivy-Ochs, S., Kerschner, H., Ruther, A., Preusser, F., Heine, K., Maisch, M., Kubik, P.W., 749 
Schlüchther, C., 2008. Chronology of the last glacial cycle in the European Alps. Journal of 750 
Quaternary Science 23, 559-573. 751 
Jalut, G., Belet, J.M., García De Celis, A., Redondo-Vega, J.M., Bonnet, L., Valero-Garcés, B., 752 
Moreno, A., Villar-Pérez, L., Fontugne, M., Dedoubat, J.J., González-Sampériz, P.,  Santos-753 
Fidalgo, L., Vidal-Romanì, J.R., 2004. Reconstrucción paleoambiental de los últimos 35000 754 
años en el noroeste de la península ibérica: la laguna de Villaseca (León). Geotemas 6 (5),755 
 105- 108      756 
Jalut, G., Turu i Michels, V., Deboubat, J.J., Otto, T., Ezquerra, J., Fontugne, M., Belet, J.M., 757 
Bonnet, L., García de Celis, G., Redondo-Vega, J.M., Vidal-Romaní, J.R., Santos, L., 2010. 758 
Paleoenvironmental studies in NW Iberia (Cantabrian range): Vegetation history and synthetic 759 
approach of the last deglaciation phases in the western Mediterranean. Palaeogeography, 760 
Palaeoclimatology, Palaeoecology 297 (2), 330-350. 761 
Jiménez-Sánchez, M., 1996. El glaciarismo en la cuenca alta del Río Nalón (NO de España): una 762 
propuesta de evolución de los sistemas glaciares cuaternarios en la Cordillera Cantábrica. 763 
Revista de la Sociedad Geológica de España 9 (3-4), 157-168.  764 
Jiménez-Sánchez, M., Farias, P., 2002. New radiometric and geomorphologic evidence of Last 765 
Glacial maximum older than 18 ka in SW European mountains: the example of Redes Natural 766 
Park, Cantabrian Mountains. NW Spain. Geodinámica Acta 15, 93-101. 767 
Jiménez-Sánchez, M., Ruíz-Zapata, M.B., Farias, P., Dorado-Valiño, M., Gil- García, M.J., 768 
Valdeomillos-Rodríguez, A., 2002. Palaeoenvironmental research in Cantabrian Mountains: 769 
Redes Natural Park and Comella basin. In: Ruiz-Zapata, B., Dorado-Valiño, M., 770 
32 
 
Valdeolmillos-Rodríguez, A., Gil-García, M.J., Bardají-Azcárate, T., Bustamante, I., 771 
Martínez-Mendizábal, I. (Eds.), Quaternary Climatic Changes and Environmental Crises in 772 
the Mediterranean Region. Universidad de Alcalá de Henares, Madrid, pp. 229–240. 773 
Kossel, U., 1996. Problemas geomorfológicos acerca de la determinación del máximo avance 774 
glaciar en la Sierra de Ancares (León-Lugo-Asturias). In: Pérez-Alberti, A., Martini, P., 775 
Chestwotrh,W., Martínez-Cortizas, A., (Eds.), Dinámica y evolución de medios cuaternarios. 776 
Xunta de Galicia, Santiago de Compostela, Spain, pp.131-142. 777 
Lewis, C.J., McDonald, E.V., Sancho, C., Peña, J.L., Rhodes, E.J., 2009. Climatic implications of 778 
correlated Upper Pleistocene glacial and fluvial deposits on the Cinca and Gállego Rivers (NE 779 
Spain) based on OSL dating and soil stratigraphy. Global and Planetary Change 67, 141-152. 780 
Llopis-Lladó, N., 1947. El relieve del Alto Aragón. Pirineos 5, 81-166. 781 
Llopis-Lladó, N., 1957. Estudio del glaciarismo cuaternario de Sanabria. In: Hernández-Pacheco, 782 
F., Llopis-Lladó, N., Jordá-Cerdá, F., Martínez, J.A. (Eds.), El Cuaternario de la Región 783 
Cantábrica. INQUA, V Congreso Internacional, Guía de Campo 2, Excm. Diputación 784 
Provincial de Asturias, Oviedo, pp. 38-41. 785 
Mardones, M., Jalut, G., 1983. La tourbière de Biscaye (alt. 409 m, Hautes Pyrénées): approche 786 
paleoécologique des 45,000 dernières années. Pollen et Spores 25, 163-212. 787 
Martí-Bono, C., 1973. Nota sobre los sedimentos morenicos del río Aragón. Pirineos 107, 39-46. 788 
Martí-Bono, C., 1996. El glaciarismo cuaternario en el Alto Aragón occidental. Ph. D. Dissertation, 789 
Universitat de Barcelona, Barcelona. 790 
Marquínez, J., 1989. Mapa geológico de la Región del Cuera y los Picos de Europa. Trabajos de 791 
Geología 18, 137–144. 792 
Marquínez, J., 1992. Tectónica y relieve en la Cornisa Cantábrica. In: Cearreta, A., Ugarte, F.M. 793 
(Eds.), The Late Quaternary in the Western Pyrenean Region. Servicio Editorial Universidad 794 
del País Vasco, Spain, 141-157. 795 
33 
 
Marquínez, J., Adrados, L., 2000. Geología y relieve de los Picos de Europa. Naturalia Cantabricae 796 
1, 3-19. 797 
Martínez de Pisón, E., 1989. Morfología glaciar del valle de Benasque (Pirineo aragonés). Eria 18, 798 
51-64. 799 
Martínez de Pisón, E., Serrano, E., 1998. Morfología glacier del valle de Tena (Pirineo aragonés). 800 
In: Pérez-Alberti, A., Gómez-Ortiz, A. (Eds.), Las huellas glaciares de las montañas 801 
españolas. Universidade de Santiago de Compostela, Santiago de Compostela, pp. 239-261. 802 
Martinson, D.G., Pisias, N.G., Hays, J.D., Imbrie, J., Moore, T.C., Jr, Shackleton, N.J., 1987. Age 803 
dating and the orbital theory of the Ice Ages: Development of a high-resolution 0-300,000 804 
year chronostratigraphy. Quaternary Research 27, 1-29. 805 
Menéndez-Amor, J., Florschütz, F., 1961. Contribución al conocimiento de la historia de la 806 
vegetación en España durante el Cuarternario. Resultado del análisis palinológico de algunas 807 
series de muestras de turba, arcilla y otros sedimentos en los alrededores de: I Puebla de 808 
Sanabria (Zamora), II Buelna (Asturias), Vivero (Galicia) y en Levante. Estudios geológicos 809 
17, 83-99. 810 
Menéndez-Duarte, R., Marquínez, J., 1996. Glaciarismo y evolución Tardiglaciar de las vertientes 811 
en el Valle de Somiedo. Cordillera Cantábrica. Cuaternario y Geomorfología 10 (3-4), 21-31. 812 
Miotke, F.D., 1968. Karstmorphologische Studien in der glacial-überförtem Höhenstufe der ―Picos 813 
de Europa‖, Nordspanien. Jahrbuch der Geographischen Gesellschaft zu Hannover 4, 1-161. 814 
Mix, A.C., Barc, E., Schneider, R., 2001. Environmental processes of the ice age: land, oceans, 815 
glaciers (EPILOG). Quaternary Science Reviews 20, 627-657. 816 
Montserrat, J., 1992. Evolución glaciar y postglaciar del clima y la vegetación en la vertiente sur del 817 
Pirineo: estudio palinológico. Ph. D. Dissertation, Instituto Pirenaico de Ecología, Zaragoza.  818 
Moreno, A., Valero-Gárcés, B.L., Jiménez-Sánchez, M., Domínguez, M.J., Mata, P., Navas, A., 819 
González-Sampériz, P., Stoll, H., Farias, P., Morellón, M., Corella, P., Rico, M., 2010. The 820 
34 
 
last deglaciation in the Picos de Europa National Park (Cantabrian Mountains, Northern 821 
Spain). Journal of Quaternary Science 25 (7), 1076-1091. 822 
Muñoz-Jiménez, J., 1980. Morfología estructural y glaciarismo en la Cordillera Cantábrica: el 823 
relieve del Sinclinal de Saliencia. Eria 1, 35-67. 824 
Muñoz-Sobrino, C., Ramil-Rego, P., Gómez-Orellana, L., 2004. Vegetation of the Lago de Sanabria 825 
area (NW Iberia) since the end of the Pleistocene: a palaecological reconstruction on the basis 826 
of two new pollen sequences. Vegetation History and Archaeobotany 13, 1-22. 827 
Muñoz-Sobrino, C., Ramil-Rego, P., Rodríguez-Guitián, M.A., 2001. Vegetation in the mountains 828 
of northwest Iberia during the last glacial-interglacial transition. Vegetation History 829 
Archaeobotanica 10, 7-21. 830 
Nussbaum, F., 1949. Sur les traces des glaciers quaternaires dans la region de l’Aragon. Pirineos 831 
13-14, 497-518. 832 
Obermaier, H., 1914. Estudio de los glaciares de los Picos de Europa. Trabajos del Museo Nacional 833 
de Ciencias Naturales: Serie Geológica 9, 1-42. 834 
Pallàs, R., Rodés, A., Braucher, R., Carcaillet, J., Ortuño, M., Bordonau, J., Bourlès, D., Vilaplana, 835 
J.M., Masana, E., Santanach, P., 2006. Late Pleistocene and Holocene glaciation in the 836 
Pyrenees: a critical review and new evidence from 
10
Be exposure ages, south-central 837 
Pyrenees. Quaternary Science Reviews 25, 2937-2963. 838 
Pallàs, R., Rodés, A., Braucher, R., Bourlès, D., Delmas, M., Calvet, M., Gunnell, Y., 2010. Small 839 
isolated glacial catchments as priority target for cosmogenic surface dating of Pleistocene 840 
climate fluctuations, SE Pyrenees. Geology 38 (10), 891–894. 841 
Panzer, W., 1926. Talentwicklung und Eiszeitklima im nordostlichen Spanien. Abhandlungen der 842 
Seckenbergischen Naturforschenden Gesellschaft 33, 1-155. 843 
Pellitero-Ondicol, R., 2011. El complejo morrénico de Vega Naranco (León, Cordillera Cantábrica). 844 
Evolución y correlación de fases glaciares durante el último máximo glaciar. In: Turu, V., 845 
35 
 
Constante, A. (Eds.), El Cuaternario en España y áreas afines. Avances en 2011, Fundación 846 
Henri Chevalier, Andorra la Vella, pp. 7-9. 847 
Penck, A., 1883. Die Eiszeit in den Pyrenaen. Mitt. Ver. Erdk., Leipzig. Translated into French as 848 
―La période glaciaire dans les Pyrénées‖. Bulletin de la Société d’Histoire Naturelle de 849 
Toulouse 19, 105-200. 850 
Pérez-Alberti, A., Rodríguez-Guitián, M., Valcárcel Díaz, M., 1992. El modelado glaciar en la 851 
vertiente oriental de la Sierra de Ancares (Noroeste de la Península Ibérica). Papeles de 852 
Geografía 18, 39-51.  853 
Pérez-Alberti, A., Valcárcel-Díaz, M., Martini, I.P., Pascucci, V., Andrucci, S., 2011. Upper 854 
Pleistocene glacial valley-junction sediments at Pias, Trevinca Mountains, NW Spain. In: 855 
Martini, I.P., French, H.M., Pérez-Alberti, A. (Eds.), Ice-Marginal and Periglacial Processes 856 
and Sediments. GSL Special Publications 354, 93-110.  857 
Peña, J.L., Sancho, C., Lewis, C., McDonald, E., Rhodes, E., 2004. Datos cronológicos de las 858 
morrenas terminales del glaciar del Gállego y su relación con las terrazas fluvioglaciares 859 
(Pirineo de Huesca). In: Peña, J.L., Longares, L.A., Sánchez, M. (Eds.), Geografía Física de 860 
Aragón. Aspectos generales y temáticos. Universidad de Zaragoza e Institución Fernando El 861 
Católico, Zaragoza, pp. 71-84. 862 
Preusser, F., Fiebig, M., Spencer, J., 2007. From the Swiss Alps to the Crimea-Alpine Quaternary 863 
stratigraphy in a European context. Quaternary International 164-165, 1-5.  864 
Rodríguez-Guitián, M.A., Valcárcel, M., 1994. Contribución al conocimiento del glaciarismo 865 
pleistoceno en la vertiente suroccidental del macizo de Pena Trevinca (Montañas Galaico-866 
Sanabrienses, NW Ibérico. In: Arnaez, J., García-Ruiz, J. M., Gómez-Villar, A., (Eds.), 867 
Geomorfología en España. Sociedad Española de Geomorfología, Logroño, pp. 241-251. 868 
Rodríguez-Guitián, M.A., Valcárcel, M., Pérez-Alberti, A., 1995. Morfogénesis glaciar en la 869 
vertiente meridional de la Sierra do Courel (NW ibérico): El valle de A Seara. In: Pérez-870 
36 
 
Alberti, A., Martínez-Cortizas, A., (Eds.), Avances en la reconstrucción paleoambiental de las 871 
áreas de montaña lucenses. Diputación Provincial de Lugo, Lugo, pp. 78-87. 872 
Rodríguez-Rodríguez, L., Jiménez-Sánchez, M., Domínguez-Cuesta, M.J., Rico, M.T., Valero-873 
Garcés, B., 2011. Last deglaciation in northwestern Spain: New chronological and 874 
geomorphologic evidence from the Sanabria region. Geomorphology 135, 48-65. 875 
Sancho, C., Peña-Monné, J.L., Rhodes, E., Arenas, C., Pardo, G., García-Ruiz, J.M., Martí-Bono, 876 
C.E., 2011. El registro glaciolacustre de Linás de Broto (Valle del Ara, Pirineo Central, 877 
Huesca): Nuevas aportaciones. In: Turu, V., Constante, A. (Eds.), El Cuaternario en España y 878 
áreas afines. Avances en 2011. Fundación Henri Chevalier, Andorra la Vella, pp. 11-14. 879 
Seret, G., Dricot, J., Wansard, G., 1990. Evidence for an early glacial maximum in the French 880 
Vosgues during the last glacial cycle. Nature 346, 453-456. 881 
Serrano, E., 1998. Geomorfología del Alto Gállego, Pirineo aragonés. Institución Fernando El 882 
Católico, Zaragoza, 501 pp. 883 
Serrano, E., Martínez de Pisón, E., 1994. Geomorfología y evolución glaciar en el Pirineo aragonés 884 
oriental. In: Martí-Bono, C., García-Ruiz, J.M. (Eds.), El glaciarismo surpirenaico: Nuevas 885 
aportaciones. Geoforma Ediciones, Logroño, pp. 33-64. 886 
Serrano, E., Agudo, C., Gonzalez Trueba, J.J., 2002. La deglaciación de la alta montaña. 887 
Morfología, evolución y fases morfogenéticas glaciares en el Macizo del Posets (Pirineo 888 
Aragonés). Revista Cuaternario y Geomorfología 16 (1-4), 111-126. 889 
Serrano, E., González-Trueba, J.J., Turu, V., Ros, X., 2011. Cronología glaciar Pleistocena en el 890 
Valle de Trueba (Cordillera Cantábrica): primeras dataciones. In: Turu, V., Constante, A. 891 
(Eds.), El Cuaternario en España y áreas afines. Avances en 2011. Fundación Henri Chevalier, 892 
Andorra la Vella, pp. 3-6. 893 
Serrat, D., Vilaplana, J.M., Martí-Bono, C., 1983. Some depositional models in glaciolacustrine 894 
environments (Southern Pyrenees). In: Evenson, E.B., Schlüchter, C., Rabassa, J., (Eds.), Tills 895 
and related deposits, Balkema, Rotterdam, pp. 231-244. 896 
37 
 
Smart, P.L., 1986. Origin and development of glacio-karst closed depressions in the Picos de 897 
Europa, Spain. Zeitschrift für Geomorphologie 30, 423–443. 898 
Stickel, R., 1929. Observaciones de morfología glaciar en el NO de España. Boletín de la Real 899 
Sociedad Española de Historia Natural 29, 297-318.  900 
Suárez Rodríguez, A., 1990. Geomorfología y mapa geomorfológico de la Hoja nº 79: Puebla de 901 
Lillo. In: Pérez-Estaún, A., Álvarez-Marrón, J. (Eds.), Memoria explicativa de la Hoja nº 79 902 
del Mapa Geológico de España (Puebla de Lillo). Mapa Geológico de España, escala 1:50000. 903 
ITGE, Madrid, pp. 46-48. 904 
Taboada, J., 1913. El lago de San Martín de Castañeda. Boletín Oficial de la Real Sociedad 905 
Española de Historia Natural 13, 359-386.  906 
Turner, C., Hannon, G.E., 1988. Vegetational evidence for late Quaternary climate changes in 907 
southwest Europe in relation to the influence of the North Atlantic Ocean. Philosophical 908 
Transactions of the Royal Society 318, 451-485. 909 
Turú I, Michels V, Vidal-Romaní JR, Fernández-Mosquera D. 2011. Dataciones con isótopos 910 
cosmogénicos (
10Be): El ―LGM‖ (Last Glacial Maximum) y ―the Last Termination‖ en los 911 
valles del Gran Valira y la Valira del Nord (Principado de Andorra, Pirineos orientales). In: 912 
Turu, V., Constante, A., (Eds.), El Cuaternario en España y áreas afines. Avances en 2011. 913 
Fundación Henri Chevalier, Andorra la Vella, pp. 19-23. 914 
Vidal-Bardán, M., Sánchez-Carpintero, I., 1990. Análisis e interpretación de algunas cuestiones que 915 
plantea el complejo de morrenas y terrazas del río Aragón (Huesca). Cuaternario y 916 
Geomorfología 4, 107-118. 917 
Vidal-Romaní, J.R., Fernández-Mosquera, D., Martí, K., De Brum-Ferreira, A., 1999. Nuevos datos 918 
para La cronología glaciar pleistocena en el NW de la Península Ibérica. Cuadernos del 919 
Laboratorio Xeolóxico de Laxe 24, 7-29.  920 
Vilaplana, J.M., 1983. Quaternary glacial geology of Alta Ribagorçana Basin (Central Pyrenees). 921 
Acta Geológica Hispánica 18, 217-233. 922 
38 
 
Weninger, B., Jöris, O., 2008. A 
14
C age calibration curve for the last 60 ka: the Greenland-Hulu 923 
U/Th timescale and its impact on understanding the Middle to Upper Paleolithic transition in 924 
western Eurasia. Journal of Human Evolution 55 (5), 772-781. 925 
Weninger, B. Jöris, O., Danzeglocke, U., 2007. CalPal-2007. Cologne Radiocarbon Calibration and 926 
Palaeoclimate Research Package. http://222.calpal.de/2007 (accessed 20 October 2011). 927 
Woodward, J.C., Hamlin, R.H.B., Macklin, M.G., Hughes, P.D., Lewin, J., 2008. Glacial activity 928 
and catchment dynamics in northwest Greece: Long-term river behavior and the slackwater 929 
sediment record for the last glacial to interglacial transition. Geomorphology 101, 44-67. 930 
Yokohama, Y., Lambeck, K., De Deckker, P., Johnston, P., Fifield, K., 2000. Timing of the Last 931 
Glacial Maximum from observed sea-level minima. Nature 406, 713-716. 932 
Table 1 
OSL results for the new dataset recently taken in the Redes Natural Park and the Picos 
de Europa National Park (laboratory at Universidad Autónoma de Madrid, Spain). The 
location of the samples is shown in figures 5, 6 and 8. 
Sample label 
(Lab. Reference) 
Sample data 
Equivalent dose 
(Gy) 
Annual Dose 
(mGy/año) 
Age (yr) 
MAD-5598SDA 
Silt-sand sediments of a 
till outcrop (Brañag-1) 
101.86 4.25 23,967±1,841 
MAD-5594SDA 
Silt sediments from a 
complex landslide outcrop 
(Tarna -1) 
70.56 3.07 22,983±2,321 
MAD-5560SDA 
Sand sediments of the 
SC2 core nucleus (at 42m 
depth) 
67.45 1.50 44,966±3,337 
 
Table 2 
New 
14
C AMS ages obtained for the samples recently taken in the Comeya SC2 core. 
The calibrated ages have been calculated using the CalPal Software (Weninger et al., 
2007) and the calibration dataset of Weninger and Jöris (2008). The location of the 
samples is shown in Fig. 8.  
Sample label Type of sample 
Conventional 
14
C age (yr BP) 
Calibrated results 
(1σ 68.3% prob.) 
(yr cal BP) 
Calendaric age 
(yr cal BP) 
13
C/
12
C ratio 
(
0
/00) 
CNA429 Wood trunk 8,140 ± 50 9,034-9,183 9109±74 -30.78±0.23 
CNA428 Bulk sediment 12,460 ± 70 14,407 -15,060 14734±326 -25.12±0.83 
 
 
Table
Fig. 1. Setting of the study areas, (a) Pyrenees and (b) NW Iberia, with the location of 
the main sites described in this work. 
Fig. 2. Glacial record in Aragón River Valley (Pyrenees); a) field picture showing the 
main moraines and the available OSL data; b) interpretative sketch showing till 
evidence; c) geomorphological map of the Villanúa site (based on García-Ruiz et al., 
2011). 
Fig. 3. Geomorphological map, stratigraphic logs of the main sedimentary sequences 
and OSL age data available for the Pias site (Trevinca Massif, NW Iberia) (based on 
Pérez-Alberti et al., 2011). 
Fig. 4. Geomorphological map for the Sanabria Lake site (Trevinca Massif, NW Iberia) 
showing the main glacial features and a field picture of the ice-dammed deposit of San 
Martin de Castañeda. The location of the cores referred in the text is shown (based on 
Rodríguez-Rodríguez et al., 2011). 
Fig. 5. Glacial record in Vega de Brañagallones site (Monasterio Valley, Redes Natural 
Park): a) field picture showing the ice-dammed deposit now covered by alluvial 
deposits, and the main moraines; b) geomorphological map (after Jiménez-Sánchez and 
Farias, 2002). The OSL result, which is reported in this work for the first time (Table 1), 
and the location of the core S1 are also shown. 
Fig. 6. Glacial record in Tarna Valley site (NW Iberia); a) Outcrop picture of the 
complex landslide recently sampled for OSL dating and result obtained (Table 1); b) 
glacial valley U-shaped located next to Tarna Pass, with the location of the peat bog 
previously dated with 
14
C AMS (Jiménez-Sánchez and Farias, 2002); c) 
Geomorphological map of Tarna Valley, showing the location of the chronological data. 
Fig. 7. Glacial evidence from the Western Massif of Picos de Europa National Park: 
pictures of the Enol Lake (a) and the Comeya hollow sedimentary filling (b) including 
Figure
the location of the cores drilled in both basins (Farias et al., 1996; Jiménez-Sánchez and 
Farias, 2002; Moreno et al., 2010). The SC2 core record and the chronological data 
available are reported in Fig. 8. 
Fig. 8. Geomorphological map of Comeya–Enol site with the location of the cores 
drilled in the Comeya hollow and the Enol Lake (Farias et al., 1996; Jiménez-Sánchez 
and Farias, 2002; Moreno et al., 2010). SC2 core sedimentary record with the new ages 
reported in this work for the first time (one OSL and two 
14
C AMS ages; Tables 1 and 
2) and the first data reported in Jiménez-Sánchez and Farias (2002). All the 
14
C AMS 
ages have been expressed as uncalibrated results (the calibrated ages can be consulted in 
the text and in Table 2).  
Fig. 9. Correlation of the chronological data reviewed for the Pyrenean and NW Iberia 
mountains in this paper and the Oxygen-isotopic record for the last 300 ka obtained 
from the SPECMAP1 Project (Martinson et al., 1987). The time span covered by the 
latest glacial Marine Isotope Stages (MIS 2- 8) is highlighted in light-blue, and the kind 
of glacial evidence used to get the ages is shown with different dot patterns. 
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